The phenomenon of rising wage inequality has been extensively documented in OECD countries. In the final quarter of the last century it appears to have been particularly marked in the US and UK. The drivers of rising inequality have been subject to econometric analysis and the relative roles of trade and skill-biased technical change evaluated. In this paper, we take an alternative approach, namely computable general equilibrium (CGE) modelling. The contribution of the paper is twofold: first, it constructs the first purpose built model of the UK economy specifically geared to evaluating the drivers of rising wage inequality; second, it incorporates new and more disaggregated measures of labour types. The model's output identifies clearly the role of trade in the process over the period 1980 to 1998. JEL classification: D58, F16
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INTRODUCTION
The coincidence of rising wage inequality in the North and increased North-South trade over the final quarter of last century generated renewed interest in the Stolper-Samuelson theorem. If the global economy is Heckscher-Ohlin, with skilled and unskilled labour as the only factors of production, the North can be expected to export the skilled-labour-intensive (SLI) good and the South the unskilled-labour-intensive (ULI) good. When barriers / trade frictions are reduced, trade increases and the relative price of the SLI good rises in the North. Following Stolper-Samuelson, this results in the relative return to skilled labour increasing. This posited link between trade and relative wages has motivated a large empirical literature targeted at evaluating the role of trade, generally relative to technology shocks, (see for example Slaughter 2000 and Greenaway and Nelson 2000) . The consensus from this seems to be that trade has a relatively modest role to play in explaining rising wage inequality.
Most, but not all, of the literature is econometric, often, like Haskell and Slaughter (2001) , using a mandated wage framework. A few studies, including Tyers and Yang (2000) , use computable general equilibrium (CGE) analysis to investigate the issue. This study deploys a purpose-built CGE model, based on the GTAP database and focusing on the UK. The UK is an important case to investigate since, as well as being a relatively open economy, after the US it is the OECD economy that has recorded the largest increase in wage inequality over the latter part of the twentieth century. This is the first study to investigate the issue for the UK, using CGE technology.
One of the limitations of much of the work on trade and wages is the modest disaggregation between labour types in most studies. For example, the GTAP database only distinguishes between two broad labour types: skilled and unskilled labour. One of the innovations of this paper is to augment the basic GTAP dataset for the UK by distinguishing four labour types.
Patterns in the augmented database imply that the observed increase in wage inequality in the UK has probably been driven by a large increase in the relative demand for highly skilled labour.
Because we make extensive use of the GTAP database, Section 2 begins with a description of its main features, and the structure of our base CGE model, GTAP5inGAMS. Section 3 describes our new measures of labour and how they are used in the augmentation of the UK 2 part of the database. Section 4 contains a descriptive analysis of our data and reports on the values assumed for key model elasticities. The form and outcomes of a number of simulations are detailed in Section 5 together with the outcomes of a number of sensitivity analyses. Section 6 summarises the results and offers some conclusions.
MODEL STRUCTURE
The most recent version of the GTAP database, Version V, is a representation of the world economy in 1997. The database "contains detailed bilateral trade, transport and protection data characterising economic linkages among regions, together with individual country input-output databases which account for inter-sectoral linkages within regions" (Hertel 1998, p.2 Four of the five factors of productions, skilled and unskilled labour, land, and natural resources, are endowed. The remaining factor, capital, is produced. Land and natural resources are exclusively used to produce agricultural and natural resources based products respectively. Skilled and unskilled labour are utilised in all sectors except dwellings, which are produced entirely from capital. The latter is employed in all sectors.
Parameters explicitly represented by the GTAP database are displayed in the top portion of (d,i,r) Imported supply
BENCHMARK PRICES pc0(I,r)
Reference price for private consumption pf0(f,i,r)
Reference price for factor inputs pg0(I,r)
Reference price for government consumption pi0(j,i,r)
Reference price for intermediate inputs pt0 (I,s,r) Reference price index for transport services px0 (I,s,r) Reference price for imports Source: Rutherford and Paltsev (2000) .
intermediate input demand, and private consumption. Assigned parameters are generated from parameters explicitly represented. A number of base year prices also need to be assigned. Base prices subject to taxes are imputed from explicitly included tax rates and are presented in the bottom segment of Table 1. GTAP5inGAMS is a static, multi-regional model of the global economy that determines the production and allocation of goods. 
Figure 1 Production in the GTAP5inGAMS model
Consumption: Consumption is each region is determined by a representative agent, who allocates expenditure across public 4 and private demand in order to maximise utility.
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Expenditure is equal to the aggregate of factor income, tax revenue and an exogenous net transfer from other regions. The structure of consumption demand is illustrated in Figure 2 .
Figure 2 Consumption in the GTAP5inGAMS model
Private and public demands are determined by utility-maximising behaviour, subject to the constraint that public expenditure is fixed in absolute value. Private demand is nested in several levels. At the top level, preferences are defined by a Cobb-Douglas aggregation of composite commodities, derived from Armington aggregations of domestic and imported varieties. Public sector preferences are modelled in an identical fashion to private tastes, which allows the composition of public expenditure to respond to changes in relative prices, even though the level of public expenditure is exogenous. Investment demand is also exogenous. New capital is produced in the same way as tradable commodities, except that primary factor services are not required. Dewatripont and Michel (1987) classify as a non-neoclassical macroeconomic closure. This can best be illustrated by equating national expenditure from the sources and uses sides. This implies that savings (S) minus investment (I) is equal to exports (X) minus
In the GTAP5inGAMS model, the current account balance is exogenous, which, with rigid investment, fixes regional savings. Since both investment and savings in each region are exogenous, the imposition of equilibrium between global savings and global investment in 7 the benchmark equilibrium ensures that such equilibria are present in counterfactual simulations.
AUGMENTATION OF THE GTAP DATABASE AND DETERMINATION OF LABOUR TYPES
Aggregations in our model are summarised in Table 2 Labour types in regions other than the UK are taken from the GTAP database and classified according to occupational characteristics as in Lui et al. (1998) , whereas labour types in the 8 UK are identified by observing educational and wage characteristics. There is only one capital asset in both the UK and other regions, which includes land and natural resources.
Sectoral aggregation follows a two-stage process. First, using broad definitions, agriculture, manufacturing and service sectors are identified. Manufacturing and service sectors are then classified as skill-intensive or unskilled-intensive. The process creates five sectors.
The composition of each is detailed in Table 3 . Five regions are identified, the UK enters as a separate region and four others are identified by reference to relative labour endowments:
Western Europe and Other Developed, which are relatively abundant in skilled labour;
Rapidly Developing and Rest of World, which are relatively abundant in unskilled labour.
As noted earlier, one of the innovations in this paper is our disaggregation of labour types.
Hence we spend a little time elaborating on what has been done. Two methods are commonly used to distinguish different types of labour. One involves using job classifications to create proxies for skilled and unskilled labour. The job classification technique most frequently employed uses non-production and production workers to approximate skilled and unskilled labour respectively, 7 although white collar/blue-collar and non-manual/manual classifications are occasionally adopted. 8 The other commonly used technique employs educational characteristics to measure skills. For example, Bound and Johnson (1992) identify four groups based on educational attainment (high school dropouts, high school graduates, some college, and college graduates). Baldwin and Cain (1997) , on the other hand, classify employees with 1-12 years of education as unskilled labour and workers with more than 13 years of education as skilled. 9 In another approach, Leamer (1996) differentiates between skilled and unskilled labour by assuming that differences in average wages across sectors are due to differences in the mix of skilled and unskilled labour. He assumes that the lowest wage sector consists entirely of unskilled labour and the highest wage sector entirely of skilled labour. The proportions of skilled and unskilled labour in other sectors are then determined by linearly interpolating from the level of each industry's wage.
7 Lawrence and Slaughter (1993) , Berman, Bound, and Griliches (1994) , Sachs and Shatz (1994) , Feenstra and Hanson (1995) , Leamer (1996) , Tyers and Yang (1997) , and Francois and Nelson (1998) use a production-non-production classification. 8 Neven and Wyplosz (1996) make a distinction between white collar and blue-collar workers, while Haskel and Slaughter (2001) use a non-manual/manual classification. 9 Mincer (1991) , Cline (1997) , and Krueger (1994) , are other authors who establish skill classifications based on educational characteristics. Additionally, Leamer (1996) notes that "there is a very substantial amount of wage inequality across sectors within the production and non-production categories". Leamer The sample size is restricted to full-time employees on adult rates whose pay was not affected by absence, and wage 10 The authors show that there is a tight fit between non-production/production and white collar/blue collar classifications and that the white collar/blue collar classification closely reflects an educational classification of college graduates/non-college graduates. 11 Employment weighted averages of NVQ scores are calculated for each occupation to characterise educational attainment. NVQ data are collected from the 1995 Labour Force Survey (LFS) and the 1995 New Earnings Survey (NES) is used to calculate the hourly wage for each occupation.
calculations include overtime pay. Finally, as units of measurement differ across variables, the data are standardised in the interval zero to one.
The results are presented in the Appendix, which lists occupational groups, hourly wages and NVQ scores by occupation, and flags whether each occupation is manual or nonmanual. The optimal number of labour types is determined following Everitt's (1993) suggestion of examining differences between fusion levels in the dendrogram. 12 When
Ward's method is employed, this decision rule indicates that four distinct groups are identifiable: highly-skilled (employment share of 14.0 percent and wage bill share of 24.9 percent), skilled (21.3 and 26.9), semi-skilled (34.3 and 28.3), and unskilled (30.3 and 19.9). Using group-average clustering, however, the dendrogram does not identify any fusion level as being optimal; consequently, occupations in Table 4 are categorised using
Ward's method. The closest existing classification to the one outlined here is that of Bound and Johnson (1992) . College graduate, some college, high school graduate, and high school dropout labour categories mirror, respectively, our highly-skilled, skilled, semi-skilled, and unskilled classifications. There is, however, one exception, namely that the skilled labour category adopted here contains many individuals with college degrees. Consequently, rather than making a distinction between employees with college degrees and those with partial credit towards such qualifications, the highly-skilled and skilled classifications differentiate high achieving graduates from standard graduates.
Examining the manual/non-manual classification of each occupation across labour types (see appendix) illustrates that the two more highly skilled labour types almost exclusively consist of non-manual occupations. Mixtures of manual and non-manual occupations, however, are present in the two lesser skilled labour types. This illustrates the inadequate nature of using job classification techniques to classify skill levels, the root of which is the misclassification of several non-manual occupations, such as sales assistants and checkout operators, as skilled vocations.
Wage inequality is examined in the context of the four labour types identified by plotting the pattern of real wages by labour type over time in Figure 4 . Each series is normalised so that the real wage of each labour type in 1990 is equal to 100. 1990 is the earliest year for which the series can be generated as this is the first year that the NES recorded occupations using SOC codes. Figure 4 illustrates that all labour types have experienced increases in real unit rewards and, strikingly, there is a positive relationship between skill levels and the growth of real wages. The real wage of highly-skilled labour has increased by 17.9 percent and the real unit returns to skilled, semi-skilled and unskilled labour by 11.9, 10.5 and 7.4 percent respectively. This pattern suggests that wage inequality between any pair of labour types has increased. Changes in wage inequality over the period 1980-98 are examined by employing simple regression techniques to generate 1980 backcasts for real wages by labour type. 
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highly-skilled and all other types of labour and the rise in inequality is most severe between highly-skilled and unskilled labour, 24.6 percent. The smallest increase in relative wage ratios, just over 2.5 percent, is between skilled and semi-skilled labour, both of which experienced non-negligible growth in unit returns relative to that of unskilled labour. Changes in employment shares are examined in Figure 5 . The stylised fact of rising relative supplies of more skilled labour is present. What is striking, however, is the significant increase in the employment share of highly-skilled labour, 36.8 percent, compared to the modest increase in skilled labour, 8.5 percent. In contrast, employment shares for semiskilled and unskilled have fallen by 9.8 and 6.2 percent respectively. Combined with the observations on movements in real wages, labour supply changes have profound implications for demand side influences. In the presence of relative supply changes which would, ceteris paribus, decease the relative return to more skilled labour, demand side influences must have favoured such workers and have been large, particularly so for highlyskilled labour. Table 6 further summarises supply side changes by listing employment shares in 1980 and 1998. Again 1980 values are generated using regression techniques. The results indicate that the employment share of highly-skilled workers has increased by 150.9 percent, albeit from a low base. This increase has largely come at the expense of the employment share of semi-skilled labour, which has decreased by 22.2 percent. 
DESCRIPTIVE ANALYSIS OF THE DATABASE
Sectors are summarised according to UK cost shares in Table 7 , which lists factor cost shares for aggregate capital and labour, and provides the proportional contribution to each composite factor share by labour types identified in aggregation a. Composite shares indicate that unskilled manufacturing and skilled services are relatively intensive in aggregate labour. Analysis by labour type suggests that as a whole services are more skillintensive than manufacturing. (Betina and McDougall, 2002) . Table 8 presents an overview of the global database and summarises production, factor endowments, trade, and GDP growth in each region. The first section indicates that the UK is a relatively small region in the world economy and that the majority of global production, approximately 72 percent, is concentrated in services and that skill-intensive production is greater than unskilled-intensive production. The relative importance of service sectors, however, varies across regions. In developed regions the GDP contribution of services is around 75 percent, whereas services account for a much smaller share of GDP in developing regions. Also, unskilled manufacturing is a larger contributor to GDP in developing economies (Rapidly Developing and Rest of World) than in developed regions (UK, Western Europe and Other Developed). Source: Shares for GDP, factor costs and trade are calculated from the GTAP Version V Database (Betina and McDougall, 2002) . Real GDP growth rates are GDP weighted averages from the World Bank's World Tables database.
The second section displays factor shares as proportions of value added. To enable comparisons across countries, unskilled and skilled labour shares are calculated using GTAP's classification of labour types (Lui et al., 1998) . Again, two regions are identifiable in the data. Developed regions are relatively abundant in aggregate labour while developing economies are relatively abundant in capital.
14 Moreover, approximately 40 percent of labour payments are made to skilled labour in developed regions while the corresponding figure in developing regions is less than 30 percent. Combined with the data on GDP shares, this indicates that, broadly speaking, global production follows a Heckscher-Ohlin pattern. Specifically, production in developed regions is skewed towards skilled services, and that in unskilled-labour-abundant developing regions is relatively concentrated in agriculture and unskilled manufacturing. The distribution of skilled manufacturing and unskilled services across the global economy does not follow a Heckscher-Ohlin pattern according to relative endowments of different types of labour, but is consistent with the developing regions being relatively abundant in capital.
The value of trade relative to sectoral GDP is presented in the third section of Table 8 .
Trade is defined as the sum of exports plus imports. (Betina and McDougall, 2002) .
MODEL PARAMETERISATION AND SIMULATION
The core GTAP5inGAMS model is modified in respect of the allocation of consumer expenditure, with a Cobb-Douglas function being used in the top level of the expenditure nest. This allows the value of government purchases and savings, which are fixed in the GTAP5inGAMS model, to vary with income and is necessary to allow large changes in economic size to be examined.
To parameterise the model, the elasticity values describing substitution possibilities between imports and domestic commodities, and substitution between imported goods from different regions need to be specified. Elasticity parameters are calculated as commodityweighted averages of those in the GTAP V database and are assumed to be identical in both direct and derived demand; those used are presented in Table 10 . (Betina and McDougall, 2002) .
Elasticity values indicate that substitution between products by source is greatest in manufacturing. Elasticity parameters governing substitution between imports from different regions are twice as large as those dictating substitution between aggregate imports and domestic production, which reflects the assumption that imports are more substitutable between themselves than with domestic production.
The shock applied to the two models simulates both the decrease in the UK's trade barriers and the increase in the economic size of (unskilled-labour-abundant) developing regions. This is achieved by removing observed changes in regional GDPs and controlling the value of UK imports. Regional GDPs are returned to their 1980 values, as documented in Table 8 , by introducing regional-generic factor endowment multipliers, which are determined endogenously.
15 Non-tariff barriers and transport costs are subsumed into tariffs, and those and actual tariffs are then determined endogenously so as to fix UK imports at their 1980
values. This is an indirect approach to modelling the effect of reduced trade distortions.
However, data on the above characteristics are scarce, whereas trade volumes are more 15 GDP growth over the sample period is most likely a result of increased factor supplies and total factor productivity growth. From the perspective of the UK, however, the consequences of more prosperous trading partners are the same regardless of whether an increase in factor endowments or technical change is the cause of growth, as noted by Cortes and Jean (1999) .
readily accessible. Disaggregated data on trade in services are also rare. In response to this constraint, and the small proportion of services trade in total UK trade, only trade in manufactured commodities is controlled in the simulation. The imposed changes in import volumes are detailed in Table 11 . (Betina and McDougall, 2002) .
Changes in output and trade volumes, product prices, and unit factor rewards are reported in (Ethier, 1984, p.164) . In both experiments manufacturing prices fall relative to service prices, which are more skill-intensive. In accordance with the Stolper-Samuelson correlation this results in an increase in the skill premium of 0.6 percent in the aggregation a simulation. Given the changes in factor supplies documented in Table 6 and the observed large increase in the skill premium, the result indicates that the effect of other demand-side influences (e.g. skill-biased technical change) on wage inequality was many times greater than the impact of trade. In the aggregation b simulations we find that the wage premia of highly skilled and skilled labour types relative to unskilled labour increase by 1.0 and 0.4 percent respectively, while there is little change in the semi-skilled/skilled ratio. Skilled services are highly intensive in their use of highly-skilled labour relative to all other sectors, including skilled manufacturing, and are also the most intensive user of skilled labour. Skilled and unskilled manufacturing are relatively intensive employers of unskilled labour, and are moderately intensive in their use of semi-skilled labour (see Table 4 ). The fall in the output prices of both manufacturing sectors should therefore, in accordance with the Stolper-Samuelson correlation, have depressed the relative wages of the unskilled and semi-skilled, while the rise in the relative price of skilled services should have increased the wage of highly skilled labour relative to all other types. Again the estimated changes in wage inequality due to trade are small relative to observed changes. We take this as further evidence exonerating trade as the main driver of increased wage inequality.
Sensitivity Analysis
In CGE simulations it is essential to examine the sensitivity of results to key parameter values. The only assumed parameter values are those for the elasticities of substitution in the Armington aggregations of imports from different sources and of imports with domestic products. Table 13 reports the effects on the wage premia of changing all Armington substitution elasticities by a common proportion. In aggregation a, where only two types of labour are distinguished, decreasing the elasticities decreases the skilled-unskilled premium. The results are consistent with the expectation that the less substitutable are imports for each other, and the less substitutable are imports with domestic output, the lower will be the premium. Figure 6 illustrates this.
The equivalent sensitivity for aggregation b shows a broadly similar pattern in that the premia of the wages of other labour types relative to the unskilled wage decrease as the Armington elasticities decrease. However, as Figure 7 shows, the impact is most marked for the highly-skilled premium. Both sets of simulations indicate that our conclusions are robust to alternative elasticities of substitution in the Armington aggregations. 
CONCLUSIONS
This paper has outlined the construction of a global, small-scale CGE model with two different labour-type aggregations. The simpler aggregation was a skilled-unskilled division, such as has commonly been used in analyses of the link between trade and wages.
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This was, for the UK data, itself an aggregation of four labour types (highly skilled, skilled, semi-skilled and unskilled). Both variants of the model were subjected to a shock that backcast the model to 1980 values of regional GDPs and UK imports.
Results from our simulations with the smaller labour aggregation are consistent with econometric results that trade has played a relatively minor role in driving the observed increase in the skilled wage premium. The simulation with the larger aggregation is also consistent with this conclusion in that all wages increase relative to the wage of the least skilled workers. Moreover, there is a consistent pattern, with the wage of the highly-skilled rising relative to that of the skilled, as does that of the skilled relative to that of the semiskilled, and the wage of the semi-skilled to that of the unskilled. In all simulations we were able to reconcile changes in wages with Stolper-Samuelson predictions. Neither set of results casts doubt on the consensus that trade has had a relatively modest role to play in explaining increasing wage inequality in the UK over the last two decades of the twentieth century.
